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Abstract: The power transmission (PT) system is at the very heart of the power industry and which is vital 
to the development of a country. Delays in PT projects have a significant adverse effect on the economic 
development of a country and although billions of dollars are invested globally in PT projects, costly delays 
are common. Despite the critical nature of PT, the literature relating to the causes of delays is embryonic, 
with no theoretical or empirical studies yet conducted to establish the factors involved. This paper presents 
a first step in rectifying this situation. A total of 74 published articles are reviewed that are most closely 
related to PT projects in order to identify their likely causes of delay. As a result, 82 potential causes of 
delay are identified and classified into nine major groups. The causes are then ranked in terms of their 
frequency of occurrence in the literature.  Finally, conclusions are drawn concerning the extent to which this 
review and analysis may form a theoretical framework that can be tested empirically, as well as providing 
crucial information with recommendation to PT project stakeholders to achieve their key targets including 
the realisation of the benefits involved. 
 
1. Introduction 
1.1 The power sector 
Power is the cornerstone of modern civilisation. It is an important asset that affects not only the 
economy, but the political and social security of a country [1]. The power sector comprises three main sub-
sectors: generation, transmission and distribution, as depicted in Fig.1. Plentiful resources of power 
generation are located far from economically developed regions [2]. Power generation industries are using 
various resources to meet the ever increasing demand of electricity for global industries. Renewable power 
resources are now being emphasised in addition to nuclear and other sources. The world’s total yearly 
generated power was 20,279 Terawatt hours (TWh) and 20,900 TWh in 2008 and 2012 respectively, with a 
forecasted 40,000 TWh for 2040 [3]. In order to obtain the best benefit from the generated forecasted power, 
the power transmission (PT) system must have sufficient capacity to transmit this bulk power. So it is 
apparent that there will be a significant increase in the number of PT system projects in the future to ensure 
timely transmission of the generated electricity to the distribution utilities.  
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Fig. 1. Electric PT system (Source: Institute for Energy Research) [4] 
Although development partners continue to allocate a significant amount of flexible financial loans 
for PT system improvements, the intended benefits are partly or never realised due to many PT development 
projects being delayed. Considering the importance of the power sector, all countries in the world are keen 
to see the successful completion of their power sector projects [5]. Hence, the timely completion of PT 
projects, as an integral part of power systems, could play a vital role in the betterment of human civilisation. 
Schedule control is the most important determinant of a successful project. Time overruns cause a loss 
of revenue for the employer and can also create losses for the contractor, including loss of overheads and 
increased material and labour costs [6]. Project delay is considered to be one of the most common problems, 
causing a multitude of negative effects on the project and its participants [7]. Investments in electricity 
infrastructure are risky ventures, with power sector projects incurring an average of 17.50% time overruns 
[8].  
1.2 Key characteristics of PT projects 
The standard PT project includes numerous activities, including feasibility studies, project approval, 
tendering and contract award, land development, design, foundation work, erection and installation, 
commissioning and handover to the operations team. A PT project typically comprises the construction of 
station(s)/substation(s) and transmission line (TL)/transmission lines (TLs). PT stations/substations and 
TL/TLs involve the construction of various types of buildings, equipment and structure foundations, roads, 
rail-cum-roads, open and closed drains, underground and overhead water tanks, site surfacing and TL tower 
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foundations. Land acquisition and land development are the primary steps involved in the construction of a 
station or substation. Other infrastructure, including many equipment foundations are installed to 
accommodate the highly sophisticated automated equipment such as transformers and switchgear in the 
station/substation to step up/down the voltage of the transmitted electricity and to switch equipment for 
maintenance or divert electricity to alternative TL/TLs. TL carries the high-voltage electricity by conductors 
from the electricity generation plant, the conductors being supported by towers. Two types of towers are 
predominantly used in TL projects - suspension towers and tension towers. The types of towers are 
determined by the deviation of the TL from its original direction. TL requires a Right of Way (RoW) for its 
functionality and safety. A RoW means a strip of land along the TL that is same width on both sides of the 
TL centre line.  
The PT sector is an increasingly important part of the electricity supply system. It is the key area of 
focus for keeping pace with global development. The growing demand for electricity and difficulties in 
developing new electricity sources have augmented the need for transmission capability, which is achieved 
most efficiently by transmission at very high voltages. Managing a power line project is challenging because 
PT projects are often located in remote areas, away from existing infrastructure such as water and electricity 
supplies and thus obviously requires careful planning. Transmission planning in a restructured electricity 
market has become increasingly complicated [9] and Ciupuliga and Cuppen show that the planning 
procedures of new transmission lines generally take a long time [10]. Studies also show that PT and power 
distribution system losses exceed 15% of the electricity generated [11]. Therefore, in an energy era where 
there is an increasing lag between transmission grid development and rapid generation growth, it is necessary 
to streamline the related transmission line approval procedures.  
PT projects have recently met with a significant amount of public opposition [12]. Lack of community 
acceptance is one of the major hindrances in the execution of high-voltage transmission projects [13]. 
Moreover, PT projects have larger siting issues than other projects, as they typically cross land with many 
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different owners. Hence, the construction of new transmission lines is often opposed by local residents and 
landowners [14]. It is revealed from transmission system operators’ (TSOs) practices that authorisation 
procedures, and the lack of agreement among parties and public and political support are the main sources 
of delays in building new TL/TLs [10]. Also, the social and environmental issues of a powerline crossing 
environmentally sensitive areas or passing through culturally sensitive regions may cause time delays [15]. 
PT projects face various risk factors such as society, policy and law, natural environmental, management 
and technical risks [16-18]. In addition, ultra high-voltage construction projects are high-tech power grid 
projects that face many risks and much uncertainty [19]. 
1.3 Sparse availability of literature of PT project delays 
Despite the critical nature of PT, the literature concerning the causes of delays of PT projects is 
embryonic and has not grasped all the key characteristics involved. Furthermore, there are no specific 
theoretical or empirical studies that establish the delay factors of these projects. This paper presents the first 
steps in understanding the causes involved. That is, because the PT literature vis-a-vis delays is sparsely 
available, for the first time a review and analysis of the likely causes is undertaken and which is based on 
projects in the sectors most closely related to PT projects, comprising: non-power linear construction 
projects; followed by power generation projects; and finally power distribution projects. Based on the 
articles reviewed, the potential causes of PT project delays are identified and tabulated into nine major 
groups. The causes are then ranked according to their frequency of occurrence in the literature. Conclusions 
and recommendations are drawn concerning the extent to which the possible causes of delay identified and 
ranked in this paper may form a theoretical framework that can be tested empirically. The significance of 
such an empirically tested framework is also considered in terms of how much this would provide crucial 
information to PT project stakeholders to achieve their key targets including the realisation of the benefits 
involved. 
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2. Review 
The literature reviewed in this paper was identified using the comprehensive set of search criteria from 
extensive sources including eight disciplines (comprising energy policies, utility policies, engineering 
management, project management, construction management, architecture, environment and advance 
research) associated with all leading journals.  The search aimed to surface all the reported causes of delays 
in PT and other power sector projects. 
This resulted in the review of 74 published articles although only seven of these are specifically related 
to PT projects, comprising public knowledge about PT lines [12]; risk evaluation of PT projects using the 
analytical hierarchy process, cloud model and fuzzy comprehensive evaluation method [17, 18]; project 
management in the PT industries [15]; study of the overall cost management of large PT projects [20]; the 
contribution of mutual discussion in accelerating the acceptance of electric power grid interconnection 
between two countries [10]; and the cost management of PT project implementation [5]. Therefore, as the 
extant body of PT literature does not specifically refer to the causes of delays of PT projects and lacks 
empirical treatment, we were compelled to provide a fundamental review of the literature of the causes of 
delay in the sectors most closely related to PT projects. In doing this, the remaining 67 articles were arranged 
into three main levels according to how specific or close the literature in each level relates to PT projects.  
This is, from least close to most closely related, the causes of delay in non-power linear construction , power 
generation and power distribution projects as shown in Fig. 2.  
It is reasonable to expect that most delays occur in the construction phase of a PT project, as a 
significant amount of the contractual time is spent during this phase. It is logical, therefore, to consider the 
causes of delays in construction projects, and particularly non-power linear projects, as foundational in 
identifying causes of PT project delays. The relevance of causes of delays in power generation vis-à-vis PT 
projects increases beyond linear construction projects as these projects comprise the construction of stations 
and substations that are also found in PT projects. Power distribution projects are, in turn, closer to PT 
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projects than power generation projects because they not only involve stations and substations but also low 
voltage power lines - again, in common with PT projects.  
 
Fig. 2.  Relevance of the literature with respect to PT projects 
Details of the literature related to non-power linear construction, power generation and power 
distribution projects are summarised in  
Appendix 1 4, which provides the data collection method used by each study along with the sample 
size and number of delay attributes. It also shows the economic conditions associated with the study 
location(s). 
Of the total of 67 published items of literature related to causes of delay, 65 are concerned with non-
power linear construction projects, one with power generation projects and one with power distribution 
projects. In terms of non-power linear construction projects, the sectors comprise: building construction (21 
articles), petrochemical construction (one), groundwater construction (one), oil and gas line construction 
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(two), railway construction (one), highway/road construction (four), bridge construction (three) and other 
construction projects (32).  
2.1 Grouping of the Delay Factors 
Delays in various construction projects can be grouped into different ways [21]. Bolton (1990) 
classified the delay attributes into three major groups- i) non-compensable delays (unavoidable in nature 
and project parties are not liable[22]), ii) compensable delays (owner/owner’s representative are responsible 
[22]) and iii) inexcusable delays (contractors and/or their representatives are responsible for the delays [22, 
23]). Some researchers also described the delay factors as excusable [24] (compensable and non-
compensable), inexcusable and concurrent delays (more than one delay attributes causes delay 
simultaneously) [25].  In 2003, Ahmed et al. in his study grouped the delay factors in two major groups such 
as i) internal causes for which the contractual project parties are assigned and ii) external causes that implied 
those causes which are beyond the control of the project parties involved [26]. Building on these initial 
studies, more recent researches has refined the grouping of the delay factors as shown in Table 1.  
Based on the above investigations and a content analysis of the delay factors revealed from the 
literature reviewed, this study proposes nine groups to accommodate all of the time overrun attributes of 
project. That is, administrative/corporate related issues, employer/owner related issues, contractor related 
issues, consultant related issues, drawing related issues, materials related issues, equipment related issues, 
labour/worker related issues and external/miscellaneous. 
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Table 1 Grouping of delay factors in recent literature from 2010 to 2015 
No. Authors Group names (number of groups) 
1 Amoatey [27] 
Financial, Resource, Technical, Economic, Environmental, Operational, Government 
and political, Relationship, Security/safety and legal (10) 
2 Bekr [21] Client, Contractor, Consultant and External (4) 
3 Ruqaishi [28] 
Client, Contractor, Consultant, Material, Labour and equipment, Contract, Contractual 
relationship and External (8) 
4 Aigbavboa [29] Client, Contractor, Consultant, Material, Equipment, Labour and External (7) 
5 Joseph [30] Client, Contractor, Consultant, Material, Equipment, Labour, Finance and External (8) 
6 Marzouk [31] 
Client, Contractor, Consultant, Material, Labour and equipment, Project and External 
(7) 
7 Memon [32] Client, Contractor, Consultant, Resource and Others (5) 
8 Aziz [33] 
Client, Contractor, Consultant, Design, Equipment, Labour, Material, Project and 
External (9) 
9 Fallahnejad [34] 
Client, Contractor, Consultant, Material, Labour and equipment, Contract, 
Communication, Interface and External (9) 
10 K Pai [35] 
Client, Contractor, Consultant, Material, Design, Labour, Equipment, Project and 
External (9) 
11 Olajide [24] Client, Contractor, Consultant, Material, Labour, Equipment, Project and External (8) 
12 Bruland [36] 
Client, Contractor, Consultant, Material and equipment, Labour, Design, Project and 
External (8) 
13 Doloi [37] Project, Site, Process, Human, Authority and Technical issues (6) 
14 Ulubeyli [38] 
Environmental, Financial, Managerial, Labour based, Owner based, Project based and 
Resource based (7) 
15 Venkatesh [39] 
Material, Equipment, Labour, Scheduling and control, Environmental and Financial 
(6) 
16 Hamzah [40] Owner, contractor and act of God (3) 
17 
Agyakwah-Baah 
[22] 
Material, Manpower, Equipment, Financing, Environmental, Changes, Government 
action, Contractual relations and Scheduling and controlling techniques (9) 
18 Khoshgoftar [41] 
Client, Contractor, Consultant, Contract, , Labour and equipment, Material, 
Contractual relations and External (8) 
 
2.2 Causes of Linear Non-power Construction Project Delays  
The essential features of station/substation construction can also be found in other non-power linear 
construction projects. A PT station/substation has a control room building, pump house, generator rooms, 
converter rooms (for high-voltage direct current transmission), guard rooms, dormitory buildings and staff 
accommodation. As building construction projects and building construction in PT projects share similar 
characteristics, they are expected to also share the same causes of delay. The causes of delay related to 
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highways construction projects are also relevant to PT projects because station/substation have internal roads 
and rail-cum-roads. PT TL construction requires a right of way (RoW), which is also applicable to highway 
and railway projects. Oil and gas projects also require a RoW for underground pipeline construction that is 
similar to underground TL construction projects. Petrochemical projects are similar in nature to oil and gas 
projects, but groundwater and bridge construction projects are hardly related to PT projects because of their 
nature and purposes. Groundwater projects consist of borehole siting, borehole drilling and construction, 
pumping tests, the analysis of water quality, construction of well-base pads and installation of appropriate 
pumps, but which are very minor parts of a PT project. Also, bridge construction projects often require river 
training, a special type of river foundation construction, special scaffolding and construction procedures that 
are absent in PT projects.  
It is evident that building construction, petrochemical construction, oil and gas line construction, 
railway construction, highway/road construction and other construction projects except groundwater and 
bridge construction projects are similar in nature to PT projects. Therefore, the literature related to 
groundwater (one article) and bridge projects (three articles) are not considered further in this study, leaving 
a remainder of 61 items of literature arising from non-power linear construction projects. The major causes 
of delay are grouped into the nine major groups (developed in the previous section) summarised in Appendix 
2. 
2.3 Causes of Power Generation Project Delays 
Power generation projects require land acquisition, land development, building construction, 
equipment and structures foundation construction and equipment installation, which also commonly occur 
in PT station/substation construction projects, so some similarities with construction project delays are 
expected. All the potential causes of delays related to power generation relevant to PT projects found in the 
literature are represented in Appendix 2 in only six major groups as these causes of delays do not extend 
across all nine groups. As can be seen, some of the critical factors that cause power generation project delays 
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are different to those for non-power linear construction projects. For example, unlike most non-power linear 
construction projects, power generation projects are delayed due to inter-state and central government issues, 
foreign currency tie-ups, land acquisition and rehabilitation, technical project report finalisation, scope of 
work, key personnel staffing, equipment transportation, erection specialists and construction equipment. 
Power generation projects require equipment procurement and services from aboard, and hence foreign 
currency tie-up is an important factor for timely completion of those projects. Inter-state/central aspects are 
the delay attributes related to power generation projects, but not present in construction projects, because 
they require an inter-state/central interconnection. Power generation projects require a larger amount of land 
acquisition and suffer from the complexities of rehabilitation, which is not a significant issue for non-power 
linear construction projects. Because of their complexity and interfaces with other utilities, power generation 
projects require extensive investigation to finalise the technical report, which can cause a substantial delay 
in project implementation. Appendix 2 also shows that major changes in the scope of work and key changes 
in project staffing are almost inevitable in power generation projects and which cause significant delays. 
Power plants require large sophisticated equipment, the transportation of which on site sometimes hinders 
project completion. The availability of erection experts for this equipment is also a challenge for completing 
power generation projects on time.  
The literature indicates that unavailability of spare parts for special construction equipment, late 
procurement of equipment and its failure to be delivered to site on time causes a significant delay in power 
generation projects, which is not applicable to general non-power linear construction projects. Hence, these 
findings indicate that the causes of delay of non-power construction projects do not account for all those 
related to power generation projects, some of which are applicable only to power generation projects and 
possibly PT projects.  
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2.4 Causes of Power Distribution Project Delays  
Nie-Jia Yau and Jyh-Bin Yang’s [42] empirical investigation into the causes of delay in power 
distribution projects by case studies, expert interviews, questionnaire surveys and statistical data analysis, 
revealed a total of 27 factors critically impacting on the causes of design schedule delays for power 
distribution projects in Taiwan. Power distribution projects consist of the construction of substations and 
distribution lines that are similar to PT projects stations/substations and TL/TLs construction on a smaller 
scale.  
All the potential causes of power distribution delays relevant to PT projects are contained in  only 
seven major groups in Appendix 2 as these causes of delays do not extend across all nine groups and 
comprise the lengthy review process of government agencies, misinterpretation of regulations by 
government officers, changes in unfinished land usage, faulty review of applicable regulations, estimating 
errors, delays in obtaining architectural permissions, political intervention or public resistance and delay due 
to other construction projects. Some of these are different to those for power generation as well as non-
power linear construction projects. For example, tendering for power distribution projects is possible by 
local contractors because of their relatively less value and complexity; hence a large number of tenderers 
can participate in the bidding process causing a lengthy bid evaluation period – an unlikely event with power 
generation and non-power linear construction projects. Most power generation and non-power linear 
construction project costs are high and bidding criteria are highly standardised so that only a few competent 
bidders can participate. Then, since power distribution projects attract local contractors with insufficient 
experience, they often make errors in estimates that ultimately result in significant delays in project 
completion.  
In addition, other construction projects such as road/highway construction, building construction and 
high voltage power line construction may interfere with power distribution line construction and cause 
further delays. Moreover, power distribution lines generally cross various administrative boundaries and 
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hence face more regulatory and public/political issues. It is clear, therefore, that the causes of power 
generation and non-power linear construction project delays do not include all those related to power 
distribution projects, some of which are applicable only to power distribution and possibly PT projects. 
2.5 Ranking of Delay Causes Based on Occurrences in Relevant Literature 
Following the review of the initial 67 items of literature in Section 2, there are 61 items relating to 
non-power linear construction and a single published item for each of the power generation and power 
distribution sectors, such that a total of 63 remaining published items are found to be sufficiently relevant 
to delays in PT projects. Based on these 63 items, 82 potential causes of delay are identified under nine 
major groups and summarised in Appendix 2. 
Some delay causes occur in two or three of the PT related layers in Fig. 2 and generalised terms have 
been used in the final list to facilitate their ranking. ‘Increase in scope of works’, for example, is considered 
to be an owner-demand change order; ‘Unavailability of drawing/design’ is considered to be a delay in 
approval by the client, delayed comments by consultants and delayed submittal by the contractor;  
‘Restricted access at site or slow in site clearance’ is considered to be site handover; ‘Price escalation or 
price fluctuations’ is considered to be foreign currency tie-up; and ‘Financial issues’ are considered to be 
the contractor and client’s inability to make project payments. Factors lacking specificity are not considered 
for ranking. For example, Kamrul and Indra [43] mention “civil works” as a cause of delay, but is excluded 
for ranking purposes because civil works comprises all kinds of construction works. The factors are chosen 
for their potential to create significant delays in PT project implementation.  They are mostly mutually 
exclusive and grouped according to some fundamental likeness.  For example, those included in the 
employer/owner, contractor and consultant groups are mostly based on their responsibilities for project 
activities, with the remaining factors being grouped according to their nature regardless of the project parties 
responsible.  
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The ranking of the potential factors is based on their occurrence in the relevant literature reviewed. 
This involves counting the number of occurrences of manifest factors irrespective of their importance, with 
the overall ranking in a group based on the highest number of occurrences. The results are shown in 
Appendix 3. The potential delay factors under each group and overall are summarised in Table 2.   
Table 2 Top/most frequently occurring critical causes of delays 
Major Groups 
Critical delay factors 
Under each group Overall 
Administrative/ 
corporate related 
issues 
Poor communication and coordination among the project 
parties, price escalation/adjustment, obtaining permits from 
public authorities, and rules and regulation changes during 
project implementation 
Bad weather, poor 
communication and 
coordination among 
the project parties, 
progress payments 
to contractors or 
other project parties 
by the client, 
unskilled 
workforce, client 
demand change 
orders, contractors’ 
poor financial 
capabilities and 
improper planning 
and scheduling of 
projects, ineffective 
site management 
and supervision by 
contractors and 
shortage of 
construction 
materials on site 
Employer/Owner 
related issues 
Progress payments to contractors or other project parties, 
change orders and delays in project documents approval 
Contractor related 
issues 
Poor financial capabilities, improper planning and scheduling 
of projects, poor site management and supervision, and 
rework due to errors during construction 
Consultant related 
issues 
Delays in commenting on design documents, delayed 
inspection and testing, and lack of experience 
Drawing related 
issues 
Unclear and inadequate details in drawings, mistakes and 
discrepancies in drawings and unclear interface in 
specifications 
Material related 
issues 
Unavailability of construction materials on site, delayed 
materials delivery and unavailability of construction materials 
in the local market 
Equipment related 
issues 
Equipment shortages, equipment breakdown and lack of 
modern equipment 
Labour/worker 
related issues 
Unskilled and shortage of labourers 
External/ 
miscellaneous 
Bad weather, improper investigation of subsurface conditions 
and unforeseen site conditions 
3. Discussion 
The review identified only few studies aimed specifically at the causes of delay in power-related 
projects. In contrast to construction project delay attributes, Table 3 summaries the peculiar factors causing 
delay in power generation and power distribution projects.  
While there is some commonality with other non-construction projects, Appendix 2 indicates that the 
causes of power generation and power distribution project delays are mostly different. That is, about 85% 
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of the causes of time overruns of power generation projects are different from non-power linear construction 
projects. This is mainly because of the complexity of power generation projects with other non-power linear 
construction projects. About 63% factors causing time overruns in power distribution are similar with the 
non-power linear construction projects because of the comparatively simple nature of its implementation. 
The power sector projects, therefore, have an appreciable number of causes of delay beyond other non-
power linear construction projects and which vary according to the nature of the power utilities involved. 
The main differences in the potential causes of delays of power generation projects and non-power 
construction projects are improper technical feasibility studies, lengthy inter-state and central authority 
coordination and interventions, price escalation/adjustments, delays in land acquisition and rehabilitation, 
major changes in the scope of works, frequent changes in key personnel during project execution, 
inaccessibility of massive equipment to the site, unavailability of erection experts, scarcity of spare parts for 
special construction equipment and the late delivery of sophisticated electrical equipment from abroad. 
These clearly reflect that power generation projects involve technical viability, administrative coordination 
among government agencies for the use of the generated power, sophisticated electrical equipment supply, 
extensive land acquisition under existing rules and regulations, technical expertise and electrical and 
construction equipment handling.  
The distinction between power distribution and power generation projects is stark, with only 
approximately 7% of causes of delays common across power distribution and power generation projects. 
This contrast is mostly attributed to the presence of power distribution lines in power distribution projects 
that makes power distribution projects technically and scope-wise very different to power generation 
projects.  
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Table 3 Delay attributes in power generation and power distribution projects 
Project type Delay factors 
Power 
generation 
Inadequate investigation before finalizing technical project report, delay due to inter-state 
aspects, delay in issue of authorization by Central/State authorities, delay in foreign 
currency tie-ups, land acquisition and rehabilitation, major change in the scope of work, 
change in key personnel in the course of advance planning and execution, late arrival of 
erection specialists, shortage of construction materials in market, shortage of spare parts 
for construction equipment, delay in procurement of equipment, delay in delivery of 
equipment due to failure of supplier to keep up schedule and difficulties in transporting 
equipment to site 
Power 
distribution 
Inadequate investigation before finalizing technical project report, land acquisition and 
rehabilitation, tedious review process of government agencies, over-subjective explanation 
of regulations by government officer, unfinished land usage changes, improper review on 
applicable regulations, omissions or errors in estimate, long acquisition duration for 
architectural permissions, delay due to other construction projects and public resistance or 
political intervention 
 
The presence of high voltage TL/TLs (e.g. RoW) makes PT projects significantly scope-wise different 
than the power generation, power distribution and non-power linear construction projects. Also, the 
equipment and associated scope of PT projects station(s)/substation(s) are significantly different than the 
power and non-power linear projects. As such, we strongly suspect that PT projects have their own specific 
causes of delay beyond the power generation, power distribution and non-power linear projects and hence 
the need for a dedicated empirical investigation into causation and the relationship between the delay factors 
in PT projects is compelling. Whilst we await such an empirical study, we speculate in terms of some 
tentative recommendations to managers of PT projects to avoid delays based on the literature reviewed in 
this study.  
4. Recommendation 
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Delay attributes under the group external/miscellaneous of Appendix 3 are considered as non-
compensable/unavoidable delays. As such, we focus our recommendations based on the other groups that 
represent avoidable delays. We consider that the critical delay factors in administrative/corporate issues 
group are avoidable if the project parties establish an effective communication and coordination processes. 
Also we suspect that, splitting the joint-ownership of the project into some single by breaking the whole 
project scope into small projects and using the turnkey contract instead of other conventional contracts will 
drive the project towards timely completion. It is evident from Appendix 3, employer/owner related issues 
and consultant related issues are treated as compensable delays and can be avoided significantly by the 
timely payment to the contractor, keeping the change orders minimum, developing a realistic project 
duration, engaging experienced consultants and effectively monitoring the consultant’s performance 
regularly. The remaining groups in Appendix 3 are considered as non-compensable delays, and which can 
be minimised by the careful selection of the contractor, ensuring the viability of the contractor’s planning 
and scheduling, extensive similar projects implementation experience of the contractor, proper site 
management and procurement capabilities of the contractor. 
5. Conclusion 
This review has provided insights into the probable risks and uncertainties encountered in the 
implementation of PT projects and their timely completion. This increased understanding should help the 
professionals involved in developing more realistic project schedules and provide advance guidance of the 
measures need to mitigate the probable effects and corresponding financial losses associated with delays. 
The review also provided insight into the causes of delay in power generation, power distribution and non-
power linear construction projects and presents the cornerstone for further study of the causes of delay in 
PT projects worldwide. It is shown that PT projects are likely to have their own causes of delay beyond non-
power construction, power generation and power distribution projects, and hence the urgent need for 
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empirical investigation.  PT is an essential part of every power system, so a major contribution of this review 
is in its significant potential for the betterment of future human civilisation. 
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7. Appendices  
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57  
(17 major 
groups) 
Developing 
Countries 
19 
Causes and effects of delays in Malaysian 
construction industry 
[79] 
Questionnaire 
survey 
150 
respondents 
28  
(8 major 
groups) 
 
Developing 
Countries 
20 
Delay mitigation in the Malaysian 
construction industry 
[80] 
Questionnaire 
survey and 
interview 
242 
respondents 
13 
Developing 
Countries 
21 
Causes of delays in Saudi Arabian public 
sector construction projects 
[81] 
Questionnaire 
survey 
86 
respondents 
6 major 
groups 
Developed 
Countries 
22 
Delays and cost overruns in the 
construction projects in the Gaza Strip 
[82] 
Questionnaire 
survey 
124 
respondents 
110 (12 
major 
groups) 
Developing 
Countries 
23 
Causes of delay in Nigeria construction 
industry 
[83] 
Questionnaire 
survey 
127 
respondents 
43 
Developing 
Countries 
24 
Causes of delay in large construction 
projects 
[6] 
Questionnaire 
survey 
57 
respondents 
73 (9 major 
groups) 
Developed 
Countries 
25 
Risk matrix for delay causes in 
construction projects in Saudi Arabia  
[84] 
Questionnaire 
survey 
51 
respondents 
35 (3 major 
groups) 
Developed 
Countries 
26 
Using structural equation modelling to 
analyse relationships among key causes of 
delay in construction 
[85] 
Questionnaire 
survey 
234 entities 
37 (6 major 
groups) 
Developed 
Countries 
27 
 
Problems causing delays in major 
construction projects in Thailand 
[86] 
 
Questionnaire 
survey and 
interviews 
76 
respondents 
75 (10 
major 
groups) 
Developing 
Countries 
 
29 
 
No. Articles/topics Ref. 
Source of 
data 
Sample size 
No. of 
factors 
Economic 
perspective 
28 
Causes of delays in construction projects 
in Turkey 
[38] 
Questionnaire 
survey 
71 
companies 
34 (7 major 
groups) 
Developing 
Countries 
29 
Significant factors causing delay in the 
UAE construction industry 
[87] 
Questionnaire 
survey 
105 
respondents 
44 (8 major 
groups) 
Developed 
Countries 
30 
Investigation into the Causes of Delays 
and Cost Overruns in Uganda's Public 
Sector Construction Projects 
[88] 
Questionnaire 
survey and 
case study 
247 
respondents 
20 
Developing 
Countries 
31 
Construction project delays in Lusaka, 
Zambia: causes and effects 
[29] 
Questionnaire 
survey 
32 
respondents 
56 (7 major 
groups) 
Developing 
Countries 
32 
Causes of Delay in the Planning and 
Design Phases for Construction Projects 
[89]  
Questionnaire 
survey 
100 
respondents 
20 
Developed 
Countries 
Power generation projects 
1 
Time and cost overruns of the power 
projects in Kerala 
[90] 
Volumes of 
economic 
review of 
Kerala state 
20 projects 15 
Developing 
Countries 
Power distribution projects 
1 
Factors Causing Design Schedule Delays 
in Turnkey Projects in Taiwan: An 
Empirical Study of Power Distribution 
Substation Projects 
[42] 
Questionnaire 
survey 
35 
respondents 
27  
(5 major 
groups) 
Developed 
Countries 
30 
 
Appendix 2 Causes of delays in non-power linear construction, power generation and power distribution 
projects relevant to PT projects  
No. Group Major causes of delay 
Sourced articles 
related with 
C
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1 
Administrative/ 
corporate related 
issues 
Change orders during project progress √   
2 Original contract duration is too short √  √ 
3 Legal disputes between various parts √   
4 Inadequate definition of substantial completion √  √ 
5 Type of construction contract (Turnkey, BOT) √   
6 Ineffective delay penalties √   
7 Inadequate investigation before finalising technical project 
report 
 √ √ 
8 Delay due to inter-State aspects  √  
9 Delay in issue of authorisation by Central/State authorities  √  
10 Delay in foreign exchange tie ups  √  
11 Joint ownership of projects different parties √   
12 Unavailability of professional construction management √   
13 No incentive for contractors to finish earlier √   
14 Legal disputes √   
15 Contract negotiations √  √ 
16 Land acquisition and rehabilitation  √ √ 
17 Tedious review processes of government agencies   √ 
18 Over-subjective explanation of regulations by government 
officer 
  √ 
19 
Employer/ 
Owner related 
issues 
Type of project bidding and award (negotiation, lowest bidder) √   
20 Change orders by owner during construction √  √ 
21 Delay in progress payments by owner √   
22 Delay to furnish and deliver the site to the contractor by the 
owner 
√   
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23 Late in revising and approving design documents by owner √  √ 
24 Delay in approving shop drawings and sample materials √  √ 
25 Poor communication and coordination by owner and other 
parties 
√  √ 
26 Slowness in decision making process by owner √   
27 Conflicts between joint-ownership of the project √   
28 Unavailability of incentives for contractor for finishing ahead of 
schedule 
√   
29 Suspension of work by owner √   
30 Uncooperative owner √   
31 Owner's slow decisions √   
32 Poor communication between owner and designer in the design 
phase 
√   
33 Major change in the scope of work  √  
34 Change in key personnel in the course of advance planning and 
execution 
 √  
35 Unfinished land usage changes   √ 
36 
Contractor 
related issues 
 
Difficulties in financing project by contractor √   
37 Conflicts in sub-contractors schedule in execution of project √   
38 Rework due to errors during construction √   
39 Conflicts b/w contractor and other parties (consultant and owner) √   
40 Poor site management and supervision by contractor √  √ 
41 Poor communication and coordination by contractor with other 
parties 
√   
42 Ineffective planning and scheduling of project by contractor √  √ 
43 Improper construction methods implemented by contractor √   
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44 Delays in sub-contractors work √   
45 Inadequate contractor’s work √   
46 Frequent change of sub-contractors because of their inefficient 
work 
√   
47 Poor qualification of the contractor’s technical staff √   
48 Delay in site mobilization √   
49 Schedule of subcontractors √   
50 Conflict between contractor and consultant √   
51 Controlling of subcontractors by general contractor √   
52 Improper review on applicable regulations   √ 
53 Omissions or errors in estimate   √ 
54 
Consultant 
related issues 
Delay in performing inspection and testing by consultant √   
55 Delay in approving major changes in the scope of work by 
consultant 
√  √ 
56 Inflexibility (rigidity) of consultant √   
57 Poor communication/coordination between consultant and other 
parties 
√   
58 Late in reviewing and approving design documents by consultant √  √ 
59 Conflicts between consultant and design engineer √   
60 Inadequate experience of consultant √  √ 
61 Late arrival of erection specialists  √  
62 Long acquisition duration for architectural permissions   √ 
63 
Drawing related 
issues 
Mistakes and discrepancies in design documents √  √ 
64 Delays in producing design documents √   
65 Unclear and inadequate details in drawings √  √ 
66 Complexity of project design √   
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67 Insufficient data collection and survey before design √   
68 Misunderstanding of owner’s requirements by design engineer √   
69 Inadequate design-team experience √   
70 Un-use of advanced engineering design software √   
71 
Materials related 
issues 
Shortage of construction materials in market √ √  
72 Damage of sorted material while they are needed urgently √   
73 Delay in material delivery √   
74 Changes in material types and specifications during construction √   
75 Delay in manufacturing special building materials √   
76 Late procurement of materials √   
77 Late in selection of finishing materials due to availability of 
many types in market 
√   
78 
Equipment 
related issues 
Equipment breakdowns √   
79 Shortage of equipment √   
80 Low level of equipment-operator’s skill √   
81 Low productivity and efficiency of equipment √   
82 Lack of high-technology mechanical equipment √   
83 Shortage of spare parts for construction equipment  √  
84 Delay in procurement of equipment  √  
85 Delay in delivery of equipment due to failure of supplier to keep 
up schedule 
 √  
86 Difficulties in transporting equipment to site  √  
87 
Labour/worker 
related issues 
Shortage of labours √   
88 Unqualified workforce √   
89 Nationality of labours √   
90 Low productivity level of labours √   
91 Personal conflicts among labours √   
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92 
External/ 
miscellaneous 
Effects of subsurface conditions (e.g., soil, high water table) √   
93 Delay in obtaining permits from municipality √   
94 Hot weather effect on construction activities √   
95 Rain effect on construction activities √ √  
96 Unavailability of utilities in site (such as, water, electricity, 
telephone) 
√   
97 Effect of social and cultural factors √   
98 Traffic control and restriction at job site √   
99 Accident during construction √   
100 Differing site (ground) conditions √  √ 
101 Changes in government regulations and laws √  √ 
102 Delay in providing services from utilities (such as water, 
electricity) 
√   
103 Delay in performing final inspection and certification by a third 
party 
√   
104 Delay due to other construction projects   √ 
105 Public resistance or political intervention   √ 
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Appendix 3 Potential causes of delay in PT projects with their ranking (group and overall) based on the 
frequencies in the reviewed literature 
No. Group Major causes of delay Frequency 
Rank 
Within 
group 
Overall 
1 
Administrative/ 
Corporate 
related issues 
Poor communication and coordination among 
the project parties 
42 1 2 
2 Price escalation/adjustment 24 2 11 
3 Obtaining permits from public authorities 21 3 14 
4 Rules and regulation changes during the 
project implementation 
21 3 14 
5 Defective tendering process 20 4 15 
6 Lengthy approval processes of government 
agencies  
11 4 24 
7 Poor investigation during feasibility study 11 4 24 
8 Legal disputes between various project parties 11 4 24 
9 No incentive for contractors to finish earlier 8 5 27 
10 Joint-ownership of the project 8 5 27 
11 Type of contract (Lump sum, Turnkey, BOT, 
etc.) 
6 6 29 
12 
Employer/ 
Owner related 
issues 
Progress payments to contractors or other 
project parties 
40 1 3 
13 Change orders 38 2 4 
14 Delay in project documents approval 28 3 9 
15 Unrealistic contract duration 24 4 11 
16 Conflicts among contract clauses 19 5 16 
17 Delay in drawings/designs approval 18 6 17 
18 Changes in materials specifications during 
construction 
16 7 19 
19 Late site handover to contractor 15 8 20 
20 Major changes in the scope of works 13 9 22 
21 Suspension of works by employer 11 10 24 
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No. Group Major causes of delay Frequency 
Rank 
Within 
group 
Overall 
22 Delay in utilities at site (i.e., water, electricity, 
telephone) 
10 11 25 
23 Delay in land acquisition and rehabilitation 8 12 27 
24 Change in key personnel during planning and 
execution 
6 13 29 
25 Ineffective delay penalties 6 13 29 
26 Unclear description of project/contract 
completion 
2 14 32 
27 
Contractor 
related issues 
Poor financial capabilities of contractor 38 1 4 
28 Improper planning and scheduling of the 
project 
38 1 4 
29 Ineffective site management and supervision 34 2 5 
30 Rework due to errors during construction 32 3 6 
31 Insufficient Experience of contractors 31 4 7 
32 Inappropriate construction methods 29 5 8 
33 Delay in procurement of materials 19 6 16 
34 Poor control over subcontractors 18 7 17 
35 Improper manpower management 14 8 21 
36 Unavailability of technical personnel 14 8 21 
37 Misunderstanding among contractor and other 
parties 
13 9 22 
38 Omissions or errors in early estimate of the 
project 
10 10 25 
39 Delay in submittal of design for approval 10 10 25 
40 Delayed site mobilization 9 11 26 
41 Insufficient data collection and survey before 
design 
8 12 27 
42 Lack of design experience of contractor 6 13 29 
43 Late procurement of equipment 5 14 30 
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No. Group Major causes of delay Frequency 
Rank 
Within 
group 
Overall 
44 Improper coordination among various types 
of work 
4 15 31 
45 
Consultant 
related issues 
Delay in comment on design documents 25 1 10 
46 Delayed inspection and testing 20 2 15 
47 Lack of experience of consultant 15 3 20 
48 Late in comments on major changes in the 
scope of work 
11 4 24 
49 Conflicts of consultant with client’s engineer 10 5 25 
50 Poor negotiation skill of consultant 6 6 29 
51 Unavailability of specialists  1 7 33 
52 
Drawing related 
issues 
Unclear and inadequate details in drawings 18 1 17 
53 Mistakes and discrepancies in drawings 16 2 19 
54 Unclear interface in specifications 8 3 27 
55 Delayed drawings preparation and submittal 5 4 30 
56 Un-use of advanced drafting software  4 5 31 
57 
Materials related 
issues 
Unavailability of construction materials at site 34 1 5 
58 Delayed materials delivery  29 2 8 
59 Unavailability of construction materials in 
local market  
14 3 21 
60 Damage of sorted materials in emergencies 12 4 23 
61 Finishing materials selection by owner (tiles, 
facing bricks, etc.) 
8 5 27 
62 Unavailability special building materials  7 6 28 
63 
Equipment 
related issues 
Shortage of equipment 31 1 7 
64 Equipment breakdowns 25 2 10 
65 Lack of modern equipment 12 3 23 
66 Lack of productivity and efficiency of 
equipment 
11 4 24 
67 Late in equipment delivery 8 5 27 
68 Del ay in transportation of equipment at site 5 6 30 
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No. Group Major causes of delay Frequency 
Rank 
Within 
group 
Overall 
69 Shortage of spare parts for equipment 2 7 32 
70 
Labour/worker 
related issues 
Unskilled workforce 40 1 3 
71 Shortage of Labour 23 2 12 
72 Unskilled equipment-operators 12 3 23 
73 Personal conflicts among labourers 8 4 27 
74 Nationality of labourers 7 5 28 
75 
External/ 
miscellaneous 
Bad weather 45 1 1 
76 Subsurface conditions (e.g., soil, high water 
table) 
25 2 10 
77 Unforeseen site conditions (e.g., existing 
underground conduits) 
22 3 13 
78 Accidents during construction 17 4 18 
79 Social and cultural factors 13 5 22 
80 Political interventions 8 6 27 
81 Local public resistance  7 7 28 
82 Problems for adjacent construction projects 6 8 29 
 
